T ype 2 diabetes mellitus is the most important cause of progressive chronic kidney disease in the developed and developing worlds. Various therapeutic approaches to slow progression, including restriction of dietary protein, glycemic control, and control of hypertension, have yielded mixed results. [1] [2] [3] Several randomized clinical trials have shown that inhibitors of the renin-angiotensin-aldosterone system significantly reduce the risk of progression, [4] [5] [6] although the residual risk remains high. 7 None of the new agents tested during the past decade have proved effective in late-stage clinical trials. [8] [9] [10] [11] [12] Oxidative stress and impaired antioxidant capacity intensify with the progression of chronic kidney disease. 13 In animals with chronic kidney disease, oxidative stress and inflammation are associated with impaired activity of the nuclear 1 factor (erythroid-derived 2)-related factor 2 (Nrf2) transcription factor. The synthetic triterpenoid bardoxolone methyl and its analogues are the most potent known activators of the Nrf2 pathway. Studies involving humans, 14 including persons with type 2 diabetes mellitus and stage 3b or 4 chronic kidney disease, have shown that bardoxolone methyl can reduce the serum creatinine concentration for up to 52 weeks. 15 We designed the Bardoxolone Methyl Evaluation in Patients with Chronic Kidney Disease and Type 2 Diabetes Mellitus: the Occurrence of Renal Events (BEACON) trial to test the hypothesis that treatment with bardoxolone methyl reduces the risk of end-stage renal disease (ESRD) or death from cardiovascular causes among patients with type 2 diabetes mellitus and stage 4 chronic kidney disease.
ME THODS

STUDY DESIGN AND OVERSIGHT
The BEACON trial was a phase 3, randomized, double-blind, parallel-group, international, multicenter trial of once-daily administration of bardoxolone methyl (at a dose of 20 mg in an amorphous spray-dried dispersion formulation), as compared with placebo. Participants were receiving background conventional therapy that included inhibitors of the renin-angiotensin-aldosterone system, insulin or other hypoglycemic agents, and, when appropriate, other cardiovascular medications. The trial design and the characteristics of the trial participants at baseline have been described previously. 16, 17 Reata Pharmaceuticals sponsored the trial. The trial was jointly designed by employees of the sponsor and the academic investigators who were members of the steering committee. The steering committee, which was led by the academic investigators and included members who were employees of the sponsor, supervised the trial design and operation. An independent data and safety monitoring committee reviewed interim safety data every 90 days or on an ad hoc basis on request. The sponsor collected the trial data and transferred them to independent statisticians at Statistics Collaborative. The sponsor also contracted a second independent statistical group (Axio Research) to support the independent data and safety monitoring committee. The trial protocol was approved by the institutional review board at each participating study site. The protocol and amendments are available with the full text of this article at NEJM.org. The steering committee takes full responsibility for the integrity of the data and the interpretation of the trial results and for the fidelity of the study to the protocol. The first and last authors wrote the first draft of the manuscript. All the members of the steering committee made the decision to submit the manuscript for publication.
STUDY POPULATION
Briefly, we included adults with type 2 diabetes mellitus and an estimated glomerular filtration rate (GFR) of 15 to <30 ml per minute per 1.73 m 2 of body-surface area. Persons with poor glycemic control, uncontrolled hypertension, or a recent cardiovascular event (≤12 weeks before randomization) or New York Heart Association class III or IV heart failure were excluded. Additional inclusion and exclusion criteria are listed in Table  S1 in the Supplementary Appendix, available at NEJM.org. All the patients provided written informed consent.
RANDOMIZATION AND INTERVENTION
Randomization was stratified according to study site with the use of variable-sized blocks. The steering committee, sponsor, investigators, and trial participants were unaware of the group assignments. After randomization, patients received either bardoxolone methyl or placebo. The pre-n engl j med nejm.org 3 scription of all other medications was at the discretion of treating physicians, who were encouraged to adhere to published clinical-practice guidelines. Patients underwent event ascertainment and laboratory testing according to the study schema shown in Figure S1 in the Supplementary Appendix. Ambulatory blood-pressure monitoring was performed in a substudy that included 174 patients (8%).
The statistical analysis plan defined the study period as the number of days from randomization to a common study-termination date. In the case of patients who were still receiving the study drug on the termination date, data on vital events were collected for an additional 30 days.
OUTCOMES
The primary composite outcome was ESRD or death from cardiovascular causes. We defined ESRD as the need for maintenance dialysis for 12 weeks or more or kidney transplantation. If a patient died before undergoing dialysis for 12 weeks, the independent events-adjudication committee adjudicated whether the need for dialysis represented ESRD or acute renal failure. Patients who declined dialysis and who subsequently died were categorized as having had ESRD. All ESRD events were adjudicated. Death from cardiovascular causes was defined as death due to either cardiovascular or unknown causes.
The trial had three prespecified secondary outcomes -first, the change in estimated GFR as calculated with the use of the four-variable Modification of Diet in Renal Disease study equation, with serum creatinine levels calibrated to an isotope-dilution standard for mass spectrometry; second, hospitalization for heart failure or death due to heart failure; and third, a composite outcome of nonfatal myocardial infarction, nonfatal stroke, hospitalization for heart failure, or death from cardiovascular causes. The events-adjudication committee, whose members were unaware of the study assignments, evaluated whether ESRD events, cardiovascular events, neurologic events, and deaths met the prespecified criteria for primary and secondary outcomes (described in detail in the Supplementary Appendix).
STATISTICAL ANALYSIS
We calculated that we needed to enroll 2000 patients on the basis of the following assumptions: a two-sided type I error rate of 5%, an event rate of 24% for the primary composite outcome in the placebo group during the first 2 years of the study, a hazard ratio of 0.68 (bardoxolone methyl vs. placebo) for the primary composite outcome, discontinuation of the study drug by 13.5% of the patients in the bardoxolone methyl group each year, and a 2.5% annual loss to follow-up in each group. Under these assumptions, if 300 patients had a primary composite outcome, the statistical power would be 85%.
We collected and analyzed all outcome data in accordance with the intention-to-treat principle. We calculated Kaplan-Meier product-limit estimates of the cumulative incidence of the primary composite outcome. We computed hazard ratios and 95% confidence intervals with the use of Cox proportional-hazards regression models with adjustment for the baseline estimated GFR and urinary albumin-to-creatinine ratio. We performed analogous analyses for secondary timeto-event outcomes. Given the abundance of early adverse events, we also report discrete cumulative incidences at 4 weeks and 52 weeks.
For longitudinal analyses of estimated GFR, we performed mixed-effects regression analyses using study group, time, the interaction of study group with time, estimated GFR at baseline, the interaction of baseline estimated GFR with time, and urinary albumin-to-creatinine ratio as covariates, and we compared the means between the bardoxolone methyl group and the placebo group. We adopted similar approaches when examining the effects of treatment on other continuous measures assessed at multiple visits. Since the between-group difference in the primary composite outcome was not significant, secondary and other outcomes with P values of less than 0.05 were considered to be nominally significant. Statistical analyses were performed with the use of SAS software, version 9.3 (SAS Institute). Additional details of the statistical analysis are provided in the Supplementary Appendix.
in the European Union, 133 (6%) in Australia, 87 (4%) in Canada, 46 (2%) in Israel, and 40 (2%) in Mexico. Figure S2 in the Supplementary Appendix shows the disposition of the study participants.
As shown in Table 1 , the patients were diverse with respect to age, sex, race or ethnic group, and region of origin; diabetic retinopathy and neuropathy were common conditions among the patients, as was overt cardiovascular disease. See Table S2 in the Supplementary Appendix for a more detailed description of the characteristics (16) 185 (17) 361 (17) Other 73 (7) 57 (5) 130 (6) Hispanic ethnic group -no. (%) † 184 (17) 186 (17) 370 (17) Region -no. (%)
United States 772 (70) 773 (71) 1545 (71) European Union 169 (15) 165 (15) 334 (15) Australia 67 (6) 66 (6) 133 (6) Canada 46 (4) 41 (4) 87 (4) Israel 23 (2) 23 (2) 46 (2 Hospitalization for heart failure 118 (11) 120 (11) 238 ( of the patients at baseline; Figure S3 in the Supplementary Appendix shows the distribution of baseline estimated GFR and urinary albumin-tocreatinine ratio.
DRUG EXPOSURE
The median duration of exposure to the study drug was 7 months (interquartile range, 3 to 11) among patients randomly assigned to bardoxolone methyl and 8 months (interquartile range, 5 to 11) among those randomly assigned to placebo. Figure S4 in the Supplementary Appendix shows the time to discontinuation of the study drug. Table S3 in the Supplementary Appendix shows the reasons that patients discontinued the study drug and the reasons that patients discontinued the study. The median duration of followup was 9 months in both groups.
OUTCOMES
Primary Composite Outcome
A total of 69 of 1088 patients (6%) randomly assigned to bardoxolone methyl and 69 of 1097 (6%) randomly assigned to placebo had a primary composite outcome (hazard ratio in the bardoxolone methyl group vs. the placebo group, 0.98; 95% confidence interval [CI], 0.70 to 1.37; P = 0.92) (Fig. 1A) . Death from cardiovascular causes occurred in 27 patients randomly assigned to bardoxolone methyl and in 19 randomly assigned to placebo (hazard ratio, 1.44; 95% CI, 0.80 to 2.59; P = 0.23) (Fig. 1B) . ESRD developed in 43 patients randomly assigned to bardoxolone methyl and in 51 randomly assigned to placebo (hazard ratio, 0.82; 95% CI, 0.55 to 1.24; P = 0.35) (Fig. 1C) . One patient in each group died from cardiovascular causes after the development of ESRD. The mean (±SD) estimated GFR before the development of ESRD was 18.1±8.3 ml per minute per 1.73 m 2 in the bardoxolone methyl group and 14.9±4.0 ml per minute per 1.73 m 2 in the placebo group.
Secondary Outcomes
During the study period, 96 patients in the bardoxolone methyl group had heart-failure events (93 patients with at least one hospitalization due to heart failure and 3 patients who died from heart failure without hospitalization), as compared with 55 in the placebo group (55 patients with at least one hospitalization due to heart failure and no patients who died from heart failure without hospitalization) (hazard ratio, 1.83; 95% CI, 1.32 to 2.55; P<0.001) ( Fig. 2A) . A total of 139 patients in the bardoxolone methyl group, as compared with 86 in the placebo group, had a composite outcome event of nonfatal myocardial infarction, nonfatal stroke, hospitalization for heart failure, or death from cardiovascular causes (hazard ratio, 1.71; 95% CI, 1.31 to 2.24; P<0.001) (Fig. 2B) .
Incidences of Composite Outcomes and Rates of Death from Any Cause
The cumulative incidences of the primary composite outcome and of the two secondary composite outcomes at 4 weeks and at 52 weeks are shown in Table S4 in the Supplementary Appendix. The rates of death from any cause are shown in Figure S5 in the Supplementary Appendix. From the time of randomization to the end of follow-up, 75 patients died: 44 patients in the bardoxolone methyl group and 31 in the placebo group (hazard ratio, 1.47; 95% CI, 0.93 to 2.32; P = 0.10). The causes of death are listed in Table S5 in the Supplementary Appendix.
Estimated GFR
Patients randomly assigned to placebo had a significant mean decline in the estimated GFR from the baseline value (−0.9 ml per minute per 1.73 m 2 ; 95% CI, −1.2 to −0.5), whereas those randomly assigned to bardoxolone methyl had a significant mean increase from the baseline value (5.5 ml per minute per 1.73 m 2 ; 95% CI, 5.2 to 5.9). The difference between the two groups was 6.4 ml per minute per 1.73 m 2 (95% CI, 5.9 to 6.9; P<0.001) (Fig. 3A) .
Physiological Variables
Physiological variables are shown in Table S6 in the Supplementary Appendix. The mean body weight remained stable in the placebo group but declined steadily and substantially in the bardoxolone methyl group (Fig. 3B ). There was a significantly smaller decrease from baseline in mean systolic blood pressure in the bardoxolone methyl group than in the placebo group (between-group difference, 1.5 mm Hg [95% CI, 0.5 to 2.5]), and the mean diastolic blood pressure increased from baseline in the bardoxolone methyl group whereas it decreased in the placebo group (between-group difference, 2.1 mm Hg [95% CI, 1.6 to 2.6]). Blood- 
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pressure results from the substudy in which ambulatory blood-pressure monitoring was performed were similar in direction but were more pronounced (between-group difference of 7. 
to 4.4).
Other Laboratory Variables
Data on laboratory variables are shown in Table  S7 in the Supplementary Appendix. The urinary albumin-to-creatinine ratio increased significantly in the bardoxolone methyl group, as compared with the placebo group (Fig. 3C) . Serum magnesium, albumin, hemoglobin, and glycated hemoglobin levels decreased significantly in the bardoxolone methyl group, as compared with the placebo group. Panel A shows the time to the first event of heart failure, defined as death due to heart failure or hospitalization for heart failure, among patients in the bardoxolone methyl group and those in the placebo group. Panel B shows the time to the first event of the secondary composite outcome (nonfatal myocardial infarction, nonfatal stroke, hospitalization for heart failure, or death from cardiovascular causes) in the two study groups. The first event was nonfatal myocardial infarction in 17 patients in the bardoxolone methyl group and 11 in the placebo group, nonfatal stroke in 12 patients in the bardoxolone methyl group and 8 in the placebo group, hospitalization for heart failure in 91 patients in the bardoxolone methyl group and 54 in the placebo group, and death from cardiovascular causes in 19 patients in the bardoxolone methyl group and 13 in the placebo group.
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The 9 bardoxolone methyl group, as compared with the placebo group.
ADVERSE EVENTS
The rates of serious adverse events are summarized in Table 2 . Serious adverse events occurred more frequently in the bardoxolone methyl group than in the placebo group (717 events in 363 patients vs. 557 events in 295 patients). There were 11 neoplastic events in the bardoxolone methyl group and 10 in placebo group. The most commonly reported adverse events are summarized in Table S8 in the Supplementary Appendix.
DISCUSSION
The current trial was designed to determine whether bardoxolone methyl, an activator of the cytoprotective Nrf2 pathway, would reduce the risk of ESRD among patients with type 2 diabetes mellitus and stage 4 chronic kidney disease who were receiving guideline-based conventional therapy. The trial was terminated early because of safety concerns, driven primarily by an increase in cardiovascular events in the bardoxolone methyl group. Bardoxolone methyl did not lower the risk of ESRD or of death from cardiovascular causes, although too few events occurred during the trial to reliably determine the true effect of the drug on the primary composite outcome. Given the truncated duration of the trial and the number of adjudicated events (46% of the events planned), and assuming no change in any of the original assumptions, we estimated the conditional power of the trial to be less than 40%. Although patients treated with bardoxolone methyl had a significant increase in the estimated GFR, as compared with those who received placebo, there was a significantly higher incidence of heart failure and of the composite outcome of nonfatal myocardial infarction, nonfatal stroke, hospitalization for heart failure, or death from cardiovascular causes in the bardoxolone methyl group. There were numerically more deaths from any cause among patients treated with bardoxolone methyl than among those in the placebo group.
Bardoxolone methyl is among the first orally available antioxidant Nrf2 activators. A small previous study showed that bardoxolone methyl reduced inflammation and oxidative stress 13 and induced a decline in the serum creatinine level. In the 52-Week Bardoxolone Methyl Treatment: Renal Function in CKD/Type 2 Diabetes (BEAM) trial, 15 227 patients with type 2 diabetes mellitus and an estimated GFR of 20 to 45 ml per minute per 1.73 m 2 had a significant increase in the estimated GFR (mean change, 8.2 to 11.4 ml per minute per 1.73 m 2 , depending on the dose group) that was sustained over the entire trial period. Muscle spasms and hypomagnesemia were the most common adverse events; there was no increase in the rate of heart failure or other cardiovascular events.
The current trial was designed to determine whether the change in estimated GFR that we anticipated on the basis of the results of the BEAM trial would translate into a slower progression toward ESRD. Although in the current trial ESRD developed in fewer patients in the bardoxolone methyl group than in the placebo group, the early termination of the trial precludes conclusion of the effect on ESRD events.
The mechanism linking bardoxolone methyl to heart failure is unknown. Since an excess in heart-failure events was unanticipated, echocardiography was not performed routinely before randomization. Although weight declined significantly in the bardoxolone methyl group, we were unable to determine whether there was loss of body fat, intracellular (skeletal muscle) water, or extracellular (interstitial) water. The fall in serum albumin and hemoglobin levels may reflect hemodilution caused by fluid retention.
Bardoxolone methyl also increased blood pressure. An increase in preload due to volume expansion and an increase in afterload (as reflected by increased blood pressure), coupled with an increase in heart rate, constitute a potentially potent combination of factors that are likely to precipitate heart failure in an at-risk population. The rise in the level of B-type natriuretic peptide with bardoxolone methyl is consistent with an increase in left ventricular wall stress owing to one or more of these mediators or to unrecognized factors such as impaired diastolic filling of the left ventricle. After recognizing the initial increase in heart-failure events, the independent data and safety monitoring committee tried to identify clinical characteristics that were associated with patients who were at elevated risk for heart failure after the initiation of bardoxolone methyl therapy (with the possibility of modifying eligibility criteria or otherwise altering the trial), but the committee was unable to do so. Other, noncardiovascular adverse events were also observed more frequently among patients exposed to bardoxolone methyl than among those who received placebo. Whether the effects of Nrf2 activation, or one or more counterregulatory responses, rendered this particular population vulnerable, is unknown. Zoja et al. 18 found an increase in albuminuria and blood pressure along with weight loss in Zucker diabetic fatty rats treated with an analogue of bardoxolone methyl; these effects were not observed in other studies in Zucker diabetic fatty rats or other rodent models or in 1-year toxicologic studies in monkeys. [19] [20] [21] Why were these adverse effects identified in the current trial and not in the BEAM trial? First, the number of patient-months of drug exposure in the current trial was roughly 10 times that in the BEAM trial. Second, the population in the present trial had more severe chronic kidney disease than did the population in the BEAM trial. Observational studies have shown significantly higher rates of death and cardiovascular events, including heart failure, among patients with stage 4 chronic kidney disease than among patients with stage 3 chronic kidney disease. 22 Finally, our trial used an amorphous spray-dried dispersion formulation of bardoxolone methyl at a fixed dose rather than at an adjusted dose. We chose the 20-mg dose and the specific formulation used in the BEACON trial on the basis of four phase 2 studies of chronic kidney disease (three studies used the crystalline formulation, and one used the amorphous formulation), a crossover pharmacokinetics study involving humans that used both formulations, and several studies in animals that used both formulations (Meyer C: personal communication), to provide an activity and safety profile that was similar to that observed with 75 mg of the crystalline formulation, which was one of the dose levels tested in the BEAM trial.
In conclusion, among patients with type 2 diabetes mellitus and stage 4 chronic kidney disease, bardoxolone methyl did not reduce the risk of the primary composite outcome of ESRD or death from cardiovascular causes. Significantly increased risks of heart failure and of the composite cardiovascular outcome (nonfatal myocardial infarction, nonfatal stroke, hospitalization for heart failure, or death from cardiovascular causes) prompted termination of the trial.
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